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SYMMETRY OF  SYSTEM AND SYSTEM OF SYMMETRY 
Yu.  A .  URMANTSEV 
Institute of Plant Physiology, Moscow 127276, U.S.S.R. 
Abstract--Relation "symmetry-system" is investigated from the point of view of the author's version 
of general systems theory (GST(U)). The symmetry of system is explicated in three ways: (i) in the 
form of the theory of groups of nonevolutionary and evolutionary system transformations and their 
invariants, (ii) in the form of a proof of symmetry of the system as itself, (iii) in the form of a proof of 
the group nature of systems of 2-, 1-, 0-sided actions and relationships. The system of symmetry is 
described both as a special object-system, and as a specific system of objects of the same kind (in 
particular, as a system of 64 fundamental nd 54 structural symmetries). Premises, the basic concepts 
of GST(U), and the laws of system transformations, correspondence, symmetry, and the system similar- 
ity are considered in some or other connection. The general theory of isomerism is presented in brief; 
the relations "isomerism-symmetry", "system isomorphism-symmetry", "equality-symmetry" are 
explicated. 
INTRODUCTION 
The study of symmetries in various systems and the study of systematics of various symmetries 
lead us inevitably to a fundamental problem: to explicate the symmetry of a general system, 
on the one hand, and the system of symmetries in general, on the other hand. The immediate 
result is the General System Theory (GST), or systemonomy, i.e. a science concerning the 
origins, existence, evolution and development of systems in nature, society and thinking. 
Evidently, such general problems may find solutions only within the framework of GST. There 
are several versions of GST at present; first of all we should mention the approaches developed 
by M. Mesarovic[l], A. I. Uyomov[2] and Yu. A. Urmantsev[3,4]. It is only in the latter 
approach (referred to as GST(U)) that the "symmetry-system" relation is under investigation, 
and this is done in a manner described concisely by the title of the present article. 
GST(U) is still rather far from being completed. In the present state of the theory, it 
explicates the symmetry of a system in three ways: first, as the theory of groups of non- 
evolutionary and evolutionary system transformations and the group invariants, second, as a 
proof of symmetry properties of the system itself, third, as a proof of group-theoretical n ture 
of systems of two-, one-, and zero-sided actions and relationships which govern the origin, 
existence and evolution of individual systems. 
As to the system of symmetry, in GST(U) it is expressed in two aspects: as a special type 
of object-system (the mathematical group as an object-system) and as a peculiar system of 
object-systems belonging to the same type (in particular, as a system of 64 fundamental sym- 
metries and 54 structural symmetries). 
This approach results in that the symmetry is represented in GST(U) as a system category 
implying a coincidence of systems S in features F with an account of modifications M; that is 
to say, the concept of symmetry acquires a relative meaning. In fact, the same systems may 
turn out to be dissymmetric (or even asymmetric, in a limiting case) in the same features but 
with respect o different modifications, as well as with respect o the same modifications, but 
in different features. Take for example a geometrical object composed of left-handed black 
tetrahedron and its white mirror image. Its configuration has a reflection symmetry. However, 
if one takes into account not only the geometry, but also the colour, the object must be considered 
as having no reflection symmetry with respect o the usual plane, while being symmetrical 
under reflections in the unusual (anti-symmetrical) p ane. The latter one is known as an "an- 
tiplane" in the antisymmetry theory; it changes not only left to right and right to left, but also 
transforms black to white and white to black. Thus the whole composite body (in the case in 
view it is a combination of a left blank tetrahedron and right white tetrahedron) is transformed 
into itself. 
In other words, the symmetry has a necessary complement and opposite that is a corre- 
sponding asymmetry. 
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The asymmetry is an opposite to the symmetry, Within the framework of GST(U) 
the asymmetry is a system category indicating a non-coincidence of systems S in features F with 
an account of modifications M. This implies that the asymmetry has also a relative meaning. 
Besides, the asymmetry has "its proper" symmetry as a necessary complement and opposite. 
In view of the above discussion, in GST(U) systems appear as unities of opposites; any 
system is symmetric with respect o a set of features and transformations (modifications) and 
asymmetric with respect o another set of features and transformations (modifications). 
The relativity of symmetry and asymmetry influences the ways of the scientific progress; 
having detected a symmetry in some phenomena observed in nature or society one should look 
for facts violating the symmetry. Conversely, when the asymmetry is found, one should search 
for such a new symmetry which would be able to interpret both the old symmetry violation and 
the original symmetry itself as some particular cases of the new symmetry, and so on. All this 
can be done by means of an investigation of new objects, features and modifications. 
Thus, the title of the present paper is not just a harmonical play of words, it is a manifestation 
of a dialectical device which takes place in GST(U), namely, an inversion of viewpoints that 
enables one to obtain two essentially different and complementary results. 
One more remark seems in order. We believe that the group nature of a certain set of 
elements with respect o a composition law introduced in it is just a mathematical expression 
of an intrinsic symmetry of the set in view. Actually, each of the four axioms of group theory 
permits us to claim that an arbitrary group .c, is symmetric since 
(i) for any two group elements a, b ~ .6 with a given composition law T, their composition 
aTb does also belong to the group .(~, and all the possible pair products is a mapping of the 
group to itself (the "closure" axiom), 
(ii) for any three group elements a, b, c ~ f~ the equality (aTb)Tc = aT(bTc) holds, i.e. 
there is an invariance of products of three elements with respect o different positions of the 
parentheses, 
(iii) there exists such a (unique) element e E .~ that aTe = eTa = a for any group element 
a, i.e. any group element coincides with its product by e, 
(iv) for any group element a E .6 there exists a (unique) group element bwhich is symmetric 
(reciprocal) to it, so that aTb. = bTa = e, i.e. the composition of mutually symmetrical ele- 
ments is the so called "neutral" element e which is by itself the first-order group with respect 
to the composition law T. 
The symmetry of the abstract group is the reason why we treat the group nature of the set 
of system transformations, the nature of the system of actions and relations realized in the 
transformations, and the system itself associated with some composition laws, as a manifestation 
of their symmetry. 
Seemingly, we are in position to present a proof of the existence and significance of all 
mentioned symmetries. Nevertheless, first of all we must introduce premises and basic concepts 
(dealing with systems as primary objects) which are principal in GST(U) and without which 
no such proofs can be formulated. 
Premises of GST(U) 
The concrete subject of any theory depends on its primary categories, i.e. the premises. 
In our case, in order to provide the maximum generality (universality) of the theory we have 
selected the following philosophical categories: (!) existence, (2) multitude of objects, (3) 
universality, (4) unity and (5) sufficiency. 
The requirement (1) is essential, as the existence is a fundamental characteristic of any 
system, its attribute. In accordance with the philosophical tradition, we reduce the category of 
the existence to its seven forms, three of them being fundamental nd other four secondary: (a) 
spatial, (b) temporal, (c) dynamical, (d) space-time, (e) space-dynamical, (f) time-dynamical 
and (g) space-time-dynamical. Motion is a form of existence of matter which is of the most 
importance to us. Incorporating this form as a basic concept of GST one can claim that "to 
exist means to be at rest or under change". 
The requirement (2) is interpreted as the multitude of various objects, both material and 
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ideal. Actually, this is the "Universe" as it appears before any systematization of its constituents, 
or objects. By "object" we mean any thing that can be thought about. The requirement (2) 
must be taken into consideration while a system is constructed: no construction is possible 
unless the necessary building blocks, the objects, are available. 
The requirement (3), "universality", implies a property or feature which is the same for 
all object-systems within a given system ("the system of objects of the same kind"). Logically, 
it is a basis for any classification. Construction of a system involves this point as well: any 
given i-th system is to be built of objects belonging only to a set {M! °~} which is separated by 
reasons a E {AI °~} and is called "the set of primary elements" in the following. 
The requirement (4), "unity", is comprehended in twofold way. On the one hand, it is a 
relationship (in particular, an interaction) between the primary elements which is responsible 
for creation of object-systems having also some new "integral" properties which in turn can 
be additive, non-additive, additive-non-additive. On the other hand, it is an individual object, 
the object-system. The fundamental importance of the requirement for the system existence is
evident. 
The requirement (5), "sufficiency", is comprehended here in the same sense as in the 
case where one needs a sufficient amount of materials and appropriate conditions to build 
something. The role of this condition is obvious: without sufficient amount of primary elements 
or sufficient reasons neither construction, or existence of any system is possible. In essence, 
the requirement (5) coincides with Leibnitz's "sufficient basis principle". 
The premises (1)-(5) combined with the rules of logics enable one to obtain all the statement 
formulated in GST(U). 
In particular, basing on the requirements (1) and (2) one can assert hat "there exists a set 
of objects". This is equivalent to the statement of the existence of the so called universal set 
U, known in the set theory. From the ontological point of view, this statement coincides with 
the argument for the existence of Universe. 
Furthermore, the premises (1)-(3) make it possible to assert: "there exists a multitude of 
universal objects", or equivalently, to admit the existence (in objective and subjective reality) 
of specific "sets of primary elements" selected by reasons a E {A!°~}. Such sets may be finite 
or infinite, may have equal or different cardinalities, they may include identical or different 
elements, be fuzzy or not fuzzy. 
Some examples of the sets of primary elements are: (i) the set of elementary particles 
forming atoms: protons, neutrons, electrons which are selected by the set of features {A~ °~} (the 
subscript a stands for "atom"), (ii) the set of "points", "lines" and "planes" which are 
elements in construction of a conceptual space and selected by features a E {A~p °~} (sp indicates 
"space"), (iii) the group of reflections {cr} in planes (the maximum number is 3 for finite 
bodies, and 4 for infinite bodies). The reflections make it possible to obtain all possible structural 
transformations, they are selected by features a E {A~ °~} ( "s"  indicates "symmetry"). 
Now we will form a combination (1)(4)(2)(3) based upon the premises (1)-(4). This 
combination implies that "there exists a unity of the variety of universal objects" or, equiva- 
lently, "there xists a unity of primary elements". The combination means that objects belonging 
to any specific set {MI°~}, which are selected by features a ~ {,41 °~} are in certain i-th relations 
of unity Ri. For example, electrons, protons and neutrons may (and do) undergo some atom- 
creating relations which are interactions of a special type R,; "points", "l ines" and "planes" 
may be (and, under certain conditions, are) in relations R~p: they "lie on", "are between", 
"are congruent", are parallel", etc. The reflection planes may intercross under various angles, 
according to relations r E {R,}. 
Because of the double meaning of the term "unity", the combination (1)(4)(2)(3) is also 
interpreted as "the existence of a unity of primary elements in the form of an individual object". 
For instance, the unity of the existing unity of protons, neutrons and electrons is an atom; the 
unity of "points", "l ines" and "planes" is the conceptual space; the unity of the reflection 
planes is a symmetry transformation. 
Finally, one should have in mind that the unity relations Ri, no matter where do they arise 
(in nature and/or in human mind), must meet requirements of certain laws. The atom-creating 
interactions must satisfy the laws of atomic physics, z E {Z J ;  the space-creating relations must 
satisfy the axioms of union, order, congruence, continuity, parallelism, as well as the theo- 
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rems which stem from the axioms, z ~ {Zw}; symmetry creating relations must satisfy the 
axioms of group theory, z E {Zs}. Note that in GST(U) conditions imposed on the unity relations 
are called the composition laws, denoted by Z. 
Basic concepts of GST(U) 
Constructive derivation of the combination (1)(4)(2)(3) is, in fact, a mental construction 
of an object. It is of special importance that he object appears as an object-system. Consequently, 
here we deal, in essence, with a constructive derivation of the "object-system" concept which 
is one of the most fundamental concepts in GST(U). 
DEFINITION 1. 
The object-system, OS, is a unity constructed in accordance with relations (in particular, 
interactions) r which are elements of a set {Ros} combined with conditions z which are elements 
of a set {Zos} and restrict he relations. The unity is built of primary elements m from a set 
{M~} selected from the universal set U according to criteria a, which are elements of a set 
{A~}. The sets {Zos}, {Zos} and {Ros}, {Zos}, {Ros} and {M~} may be empty, or consist of 
any number of elements, from one to infinity, and the elements may be identical or different. 
PROPOSITION 1. 
Any object O is an object-system. The proposition is true because of Definition 1, according 
to which an object, even if it contains a single element--itself, is also an object-system. 
Obviously, in this particular case the sets of relations and composition laws are empty; {Ros} = 0, 
{Zos} = 0 .  
Furthermore, the empty system, or zero-system is an important particular case of object- 
system. This system contains no elements, and the set {A~} is empty, as well as the sets 
{M~}, {Z~}, and {R~}. By the way, all these sets are examples of empty systems. The set 
itself is, of course, also an example of the object-system; in this case {Zos} - 0, {Ros} = 0, 
while {Mos} # 0. In truth, "unity is a set and a set is "unity"! Probably, owing to this fact, 
quite different heories of finite and infinite sets have been developed in mathematics, ince 
each type of the sets, finite and infinite, have quite different integral properties as the math- 
ematical object-systems, as unities. For instance, in the former case (for finite sets) a part is 
never equivalent to the whole, while in the latter case (for infinite sets) a part can be equivalent 
(have equal cardinality) to the whole object. 
It follows from Proposition 1 that absolutely every object can be regarded as an object- 
system. We will illustrate this statement with other two examples which will be employed later 
in analysis of the system symmetry. 
Example 1. A right or left (i.e. different from its mirror image) dissymmetric object, say, 
an asymmetric plant leaf with its left half wider than the right half, and the fight half longer 
than the left half. The symbol we use for such a leaf is wl' (the prime indicates that it is the 
right half that is longer, so the mirror image of this leaf is represented by symbol w'l). In this 
case the "primary" elements are dissymmetry factors ("dissfactors") Wand L, i.e. the features, 
the appearance and the very existence of which make the leaf left or right. The unity relations 
are the leaf attribute relations; the composition law is the requirement that in free combinations 
of the dissfactors W (w, w') and L(l, l') (modifications ofthe dissfactors are given in parentheses) 
the number of dissmodifications S would be S~ = 2 2 = 4, while with other possible combi- 
nations forbidden it is $2 = 2 2 - 3 = 1. 
It is noteworthy that it was just the empirical discovery of dissfactors (i.e. features the 
appearance and existence of which in an object make it left or right resulting in elimination of 
the second-kind symmetry, i.e. the mirror symmetry, from the object symmetry type) that 
provided the basis for the theory of left and right, the theory of dissfactors developed by the 
author[5]. According to the theory, only with the number of dissfactors m = 1 one has the 
Kant-Pasteur dissymmetry with the number of possible dissmodifications N = 2, while for m 
from 1 to 2, one has a more general dissymmetry with the number of dissmodifications N from 
2 to ~c. Thus the extended issymmetry incorporates naturally the Kant-Pasteur dissymmetry 
as the first and simplest particular case. In the theory of dissfactors formulae are derived for 
calculation of the number of dissmodifications of dissobjects in the cases of total and partial 
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combinability of dissfactors, a new formulation is given for the Pierre Curie causal principle: 
" i f  some actions reveal dissfactors, the dissfactors must be detected also in causes generating 
them", a possibility has been proved to develop such theories of antisymmetry, colour symmetry, 
colour antisymmetry, cryptosymmetry etc., which would be based upon the partial combinability 
of dissfactors[3,5]. 
Example 2. Interaction. In this case the primary elements are (i) changing and changeable 
objects (A and B, B and A), (ii) the action agents ("interactions") propagating from A to B 
and from B to A and (iii) the propagation medium. The unity relations are couplings between 
the primary elements. The composition law is the requirements: 
AtAB < TB, AtBA ~" TA, AIAB ~ A/min = Ras/Vk,max, At~a ~ m/'mi n ~" RAB/Vk . . . . .  
where At~ and Ats^ are the times of the interaction propagations from A to B and from B to 
A, respectively, TA and Tn are the individual existence times for the objects A and B, RAB is 
the distance between the objects, Attar, is the minimum time necessary for the interaction agent 
to cover the distance RAn while the agent has the highest possible finite velocity vk = c (the 
velocity of light in the vacuum). 
Note that the first example is a static object-system and the second example is a dynamical 
object system, so GST(U) can be applied both to statical and dynamical object-systems. 
In view of the above discussion we can admit that the combination (1)(4)(2)(3) ("there 
exists a unity of a set of primary elements") means also that "there exists an object-system". 
But "exists" means either "is at rest" or "is changing". The rest state of an object-system 
may be considered as a continuous transition (in time) of the object-system into itself. Logically, 
it may be considered as the identical transformation. Originally, this operation has been expli- 
cated as a system operation by A. V. Malikov. As for a change of an object-system, it always 
leads to a transition of the object-system into one or more other object-systems, which proceeds 
under certain laws. The resulting object-systems, in turn, undergo transformations to object- 
systems of the third generation, the latter are transformed to those of the fourth generation and 
so on. Having in mind the absolute character of motion and the relative character of rest, one 
concludes that such transformations are inevitable. The object-systems appearing in this way 
may be of the same or/and different qualitative type. 
DEFINITION 2 
A system of objects of a given i-th kind is, essentially, a regular set of object-systems of 
the same kind. The expressions we use, "of  the same kind" or "of  a given kind", mean that 
every object-system has common typical features (one and the same property); namely, each 
one is constructed of all (or some) primary elements m of the set {Ml°~}, in accordance with 
all (or some) relations r of the set {R/}, with some (or all) composition laws z which are elements 
of the set {Zi}, realized in the considered system of objects of the given kind. As for an object- 
system, for the system of objects of the same kind the sets {Z~}, {Zi} and {Ri}, {Zi}, {R~} and 
{MI °~} may be empty, or contain any number of elements, from one to infinity. 
A very spectacular example of a system of objects of the same kind is the saturated 
hydrocarbons CH 4, C2H6, C3Hs . . . . .  Cs_lH2(s_l)+2, CsH2s+2, All of them are built of the 
same primary elements, C and H, in accordance with the same relation of chemical affinity 
and governed by the same composition law, C,Hz,,+2 (n = 1, 2 . . . . .  s). 
There are proper systems of the same kind also for the above mentioned examples of a 
plant leaf and interaction. For instance, for a leaf of type wl' it is the system of 4 isomer leafs: 
wl', w'l, wl, w'l'. In this case the primary elements are the dissfactors W and L, the unity 
relation is the presence of the dissfactors in a leaf, and the composition law is the equality 
S~ = 2 k0 (k0 = 2). For the case of "interaction" one has a system of 9 action-systems (see 
Table 1 ). 
The completeness of the exhaustion of the action types can be proved by means of a formula 
determining the number of arrangements of m elements taken k at a time with possible repetitions, 
i.e. A*~ = m k. In fact, looking at the action symbols one can conclude that each of them can 
be considered conventionally as an arrangement of 3 elements, >, < and ---, with repetitions, 
taken 2 at a time. The result isA32 = 32 = 9. It should be stressed that a proof of the completeness 
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Table 1. Space-time system of actions 
No. Action type Realization condition Action symbol 
1 2-action of the type << At~ < TB, AtBA < Ta << 
2 Quasi-2-action of the type = < AtA~ = TB, AtsA < T~ = < 
3 Quasi-2-action of the type < = At~ < TB, AtB~ = T~ < = 
4 1-action of the type <> At,~ < TB, Area > TA <> 
5 Quasi-0-action of the type = = At~ = TB, Ats~ = T~ = = 
6 1-action of the type >< At,~ > Ts, Ataa < Ta >< 
7 Quasi-0-action of the type > = At,~ > TB, AtBa = T~ > = 
8 Quasi-O-action f the type = > Atas = TB, At~a > T~ = > 
9 0-action of the type >> At~ > TB, AtBA > TA >> 
of exhaustion is an important requirement imposed by GST on every construction of a system 
of kind-/objects. For brevity, we omit the description of primary elements and the unity relations 
for each of 9 action-systems. As to the composition laws, in Table 1 we have presented only 
the realization conditions pecific for every action kind. A restriction which is not specific here 
is the requirement that 
AIAB ~ A/min ~-" RAs/Vk . . . . .  AIBA ~ A/min = RAB/Vk .... (V~ . . . .  = C). 
It is noteworthy that after a simple algebra the latter inequalities give rise to invariants of the 
Lorentz transformations of special relativity, namely, d'r 2 ("the proper time of a material point") 
and ds 2 (the space-time interval). The invariants can be used to construct the light cone, and 
one is led immediately to the two-, one-, and zero-sided actions, and so to events which can 
or cannot be interrelated as a cause and its effect. 
Other examples of systems of objects of some kinds are the systems of point-wise, linear, 
planar and space symmetry groups, classical or non-classical, various systems of natural num- 
bers, Mendeleev's Table of chemical elements, homologic series in chemistry and biology, the 
periodic system of corollas and flowers of plants, natural and artificial systems of plants and 
animals, the system of social and economical structures, the linguistic system of 6 isomer words: 
tom, tmo, otto, omt, mto, mot. 
Definition 2 and the examples we have presented suggest hat a system of objects of the 
same kind is a regular aggregate of separate object-systems which are not, in general, enclosed 
in each other, being parts of a single object, like dolls in the Russian toy named Matryoshka. 
A wide distribution of systems of similar objects in nature, society and thinking suggest 
an existence of a law invariant under a transition from inanimate nature to animate nature and 
from the letter to human society. And such a law does exist indeed! 
PROPOSITION 2 (The law of systematics) 
Any object is an object-system, and any object-system belongs to at least one system of 
objects of his kind. 
The validity of this law is a direct consequence of Definitions l and 2, and Proposi- 
tion 1. 
If all the above arguments are correct, the law of systematics must be adopted as one of 
fundamental laws, which must be considered as an absolute system law in view of its universal 
applicability to the real world. Its gnosiological significance is beyond all question, as it 
generates a new tool for gnosioiogy, which is relevant o the Science as a whole and is, 
probably, the cardinal method of GST(U); we mean the so called S-method. The S-method 
enables one to study any material or ideal object not only "within the universal interrelation 
and interconditionality", but also as an object-system in a system of objects of the kind specific 
for the object concerned, The S-method is appropriate for such an approach, because it involves 
two special algorithms: an algorithm for representation f an object as an object-system and 
an algorithm for construction of a system of objects of a given kind. We have shown previ- 
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ously[6], taking for examples the periodical system of chemical elements and the system of 
cyclic carollas, that the use of the S-method provides a fundamental cognitive profit. 
It goes without saying that systems of objects of the same kinds can be united in more 
and more large system units, "families", "classes", "types", "kingdoms", "empires", etc. 
Nevertheless, ince Definition 2 is invariant with respect o such a unification, all the higher 
systems can be, in turn, interpreted as a system of objects of the same kind, but of different 
generalities. The sequence of systems having more and more general applicability to the real 
world tends finally to a limit which is the system in general. Thus we are ready for the last 
step, a definition of an "abstract system". 
DEFINITION 3 
The system S is a set of object-systems composed according to relations r from a set of 
relations {R}, with composition laws z from a set of composition laws {Z}. The primary elements 
of the systems S, m, belong to a set {M ~°~} extracted from the universal set U by features a
from a set of features {A~°)}. In general, the sets {Z}, {Z} and {R}, {Z}, {R} and {M ~°j} may be 
empty. 
It is possible now to turn to an analysis of the system symmetry: the basis for the analysis 
is constructed. 
The Symmetry of System Theory of Groups of System Transformations and Their Invariants 
It is impossible to discuss a group without specifying its elements. In the case we deal 
with, the group elements are the system transformations. 
PROPOSITION 3 
There are only 4 main types of transformations of a system-object in the framework of a 
system of objects of the same kind, namely, identical, quantitative, qualitative and relative 
transformations. In other words, we mean the transformation f the object into itself, of its 
quantity, quality, or relations between its primary elements. 
Proof. Recall that by virtue of its very existence the object-system is either resting, or 
moving. In the former case, it undergoes the continuous identical transformation into itself, in 
the latter case it is transformed into object-systems of the same (qualitatively identical) kind 
or of different kinds. 
Evidently, in the consideration of transformations of an object-system in the framework 
of a system of objects of the same kind one must consider the composition laws z E {Zi} in 
the transitions as invariable, even if only in view of the above condition. For a fixed set {Z}, 
however, an object-system, bydefinition, cannot have changed its properties, except he quan- 
tity, quality, and the unity relations of its primary elements. Thus we have only 4 transfor- 
mations: identical (if the object-system is transformed into itself), quantitative, qualitative, and 
relative (if it is transformed into other object-systems). 
We have an example of the identical transformation: 
tom, ' tom. 
In this case the quantity, quality and relations of letters are invariable. 
We have an example of quantitative transformations: 
~e 
tom,~ 'tome. 
-e  
In this case the quality and relations (the linear order and the quality of letters) are invariable. 
Some examples of qualitative transformations (interchanges of letters): 
0 T'---~O,O-'~M,M'--~T 
T~--O,O~--M,M~---T 
0 x~ 
386 Y.A. UR~ANTSEV 
Presumably, these equilateral triangles and the letters at their vertices can be superposed by 
means of rotations in space. In this case the qualitative transformation f the lettes, under which 
"TOM" becomes "OMT"  and vice versa, changes neither the quantity of the primary elements 
(sides, letters, angles), nor relations between them. 
An example of relative transformations (permutations): 
TOM ~ > MOT. 
In this case neither the quantity of the letters, nor their quality is changed. 
Uniting 4 basic transformations in groups of 1, 2, 3 or 4 elements, one gets 4 basic and 
11 derivative transformations, their total number being 15 (see Table 2). The completeness of 
the exhaustion of all variants presented in Table 2 is quite evident, because EC~ = 2 4 - 
1 = 15. 
Comparing the transformations 2 and 9, 3 and 10 . . . . .  8 and 15, one can easily see that 
the differences between them are just quantitative, inessential. Having in mind the essential 
identity of the transformations 2-8 to the transformations 9-15 and with due account for the 
quantitative aspect of the problem, one draws a fundamental generalization. This generalization 
influences all the propositions of GST(U), so we call it "the central proposition." 
CENTRAL PROPOSITION OF GST (U) (the principal aw of system transformations of an object- 
system) 
By virtue of its very existence in the framework of a system of objects of the same kind, 
any object-system transforms according to some laws z E {Z~} either (A) to itself, by means 
of the identical transformation, or (B) to other object-systems, by means of one of 7 and only 
7 different ransformations; namely, it can change (1) quantity, (2) quality, (3) relations, (4) 
quantity and quality, (5) quantity and relations, (6) quality and relations or (7) quantity, quality 
and relations of its primary elements, all of them or only in a part of them. 
It is clear from the Central Proposition that the same name, say, the Ql-transformation, 
must be applied both to a transformation f the quality of every primary element of the object- 
system and to that of some of the primary elements. 
Another remarkable point of the Central Proposition is that the total set of the system 
transformations contains 1 identical and 7 non-identical transformations. The knowledge of 
their number and quality is quite important. For instance, basing on this knowledge we can 
assert hat there are only 7 ways in which Nature, inanimate and animate, and Society can 
create their object-systems. Meanwhile, amazing as it is, philosophers have, evidently, never 
raised the cardinal question what are the number and types of ways in which the creation and 
evolution do proceed. An exception among them was Democritus of Abdera (some details on 
his achievements in this field have been given in [5]). Even at some occasions where the 
question, and the adequate answer to it, did suggest theirselves, creators of various philosophical 
and natural evolutionary conceptions passed the problem by. A result was a substantial omission 
in all such theories. For example, A. N. Severtsov[7], enumerating modes of the phylembry- 
ogenesis in his theory of the development of ontogenesis, mentioned only two (of 7 possible) 
variations in the stages of embryogenesis, changes in the number (prolongation orabbreviation) 
or in the quality (deviation). In spite of the presence of empirical material, other 5 modes of 
the phylembryogenesis were not separated in his theory. A similar situation takes place in the 
Table 2, The list of basic and derivative transformations for an 
object-system within a system of objects of the same kind 
Transformation type 
1--I 6--QnR 1 I--IR 
2--Qn 7--QIR 12--IQnQI 
3--QI 8--QnQIR 13--1QnR 
4--R 9--1Qn 14--1QIR 
5--QnQI 10--IQI 15--IQnQIR 
Note. The symbols I, Qn, QI, R are initials of the words 
"Identity", "Quantity", "Quality", "Relation". 
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modem Darwinism, a synthetic theory of evolution incorporating various conceptions of mor- 
phogenesis. In the latter case, for instance, people attempt to reduce morphogenesis ultimately 
to increases, or decreases, in the number and size of cells, to their differentiation or de- 
differentiation, i.e. to the first and second types of generation of object-systems, while other 
five, Nos. 3-7, transformation modes were discarded. That is to say, all these theories have 
been constructed at best by 2/7 of their total volume, or equivalently, 5/7 of their construction 
are not yet completed. In view of this fact, it is quite natural to raise the problem of an essential, 
5/7 of the whole, complement to the theories concerned. 
One more remark. Having in mind the Central Proposition, one should naturally expect 
a dominating role played in Human Culture by two numbers, 7 and underlying 3 (as 
7 = EC~. Numerous arguments in favour of this suggestion, we believe, can be easily found 
by the reader himself, 
The above discussion concerned transformations of an individual object-system. Dealing 
with transformations of multitudes of object-systems, one would draw a different conclusion. 
PROPOSITION 4 
A multitude of object-systems within a system of objects of the same kind, by virtue of 
its existence, is transformed according to laws z ~ {Zi} either to itself, by means of the identical 
transformation, or to other multitudes of object-systems, bymeans of 254 and only 254 different 
ways. 
The increase in the number of the transformation types, from 8 to 255, has a simple 
reason: a transformation f a multitude of object-systems to other multitudes can occur under 
the action not only in a single one of 8 ways mentioned, but also by means of any 2 of 8, 3 
of 8 . . . . .  or all 8 of 8 possible ways. Hence we have E~ ] C~8 = 28 - 1 = 255. 
The calculation is valid, of course, only under the assumed conditions. If we discriminate, 
for instance, between the orders of transformations (as it may be essential for a study of the 
temporal behaviour of a process), and between multiplicities of the employed transformation 
types, the number of different modifications can be increased to infinity. 
Thus we have described all the system transformations which are possible from the point 
of view of GST(U). Now we can analyse them from the point of view of theory of groups. It 
should be emphasized that in the consideration of sets of system transformations and antitrans- 
formations which is given below we have a single aim, to prove that these sets are symmetric, 
at least with respect to the selected composition laws, i.e. they are groups. Therefore we leave 
open the question what is the meaningful interpretation of these groups and, first of all, the 
composition laws associated with them. 
PROPOSITION 5 (proved by A. V. Malikov) 
The set of 8 transformations with the composition law T given by the Cayley scheme of 
these transformations is a 8-th-order group. 
The scheme is given in Table 3. 
Inspecting the scheme one can verify that (1) for any pair of the transformations their 
composition is again one of the 8 transformations, (2) the composition of any three transfor- 
mations is associative, i.e. for example (QnQ1TQIR)TI = QnQIT(QIRTI) = QnR, (3) an 
identity transformation 1 exists, its composition with any non-identical transformation is again 
the non-identical transformation, e.g. ITQI = Q1TI = QI, (4) any transformation has an inverse 
transformation; the composition of both is identity I (in the present case every transformation 
is its own inverse), (5) the composition law T is commutative, as the table is symmetric with 
respect o its diagonal connecting the upper left angle with the lower right angle; i.e. for any 
pair of transformations (a, b) one has aTb = bTa. (Such groups are known as Abel ian,  in 
honour of the Norwegian mathematician Neils Henrik Abel, who employed these groups for 
the first time in the theory of algebraic equations.) 
Using Lagrange's theorem (1771) ("for any finite group, the order of every subgroup is 
a divisor of the group order") and Sylow's theorem (1872) ("a group G of order g contains a 
subgroup of order h if h is a divisor of g, and h = p", where p is a prime number and n is 
any positive integer"), one can show that there are 7 second-order subgroups, 6 fourth-order 
subgroups, 1 first-order subgroup and 1 eighth-order subgroup (15 subgroups in all). 
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Table 3. The Cayley scheme for the 8-th-order g oup of system transformations 
, ,  ,,,, , ,  
I Qn QI R QnQI qnR QIR QnQIR 
I Qn Q1 R QnQI QnR QIR QnQIR 
Qn I QnQI QnR Q1 R QnQIR QIR 
Q1 QnQI I QIR Qn QnQIR R QnR 
R QnR QIR I QnQIR Qn QI QnQI 
QnQI QI Qn QnQIR I QIR QnR R 
QnR R QnQIR Qn QIR I QnQI Q1 
QIR QnQIR R QI Qnll QnQI I Qn 
QnQIR QIR QnR QnQI R Q1 Qn I 
The existence of 7 second-order subgroups (which are also groups) indicates that any non- 
identical transformation combined with the identity generates a second-order symmetry group 
with respect o the composition law T. This is a clear evidence that absolutely every type of 
the system transformations, under certain conditions, has a harmony, a completeness and self- 
consistence ! 
In the historic time scale, every non-evolutionary type of the system transformation looks 
like a cell, an embryonal form of an evolutionary system transformation. Therefore with respect 
to History (of inanimate or animate Nature, of Society) the identical transformation plays the 
role of statigenesis, the quantitative transformation--that of quantigenesis (occurring in two 
forms, as progress or regress), the qualitative transformation is qualigenesis, the relative trans- 
formation is the isogenesis (a one-level development) . . . . .  the quantitative-qualitative-relative 
transformation is the quanti-quali-isogenesis. Respectively, the identical and non-identical trans- 
formations generate the stati- and neo-genesis, the group and its subgroups of 8 non-evolutionary 
system transformations are prototypes of the (mathematically isomorphic to them) group and 
its subgroup of 8 evolutionary system transformations. 
A new step in the study of transformations can be performed by means of a dialectic 
device--branching every transformation to n transformation-antitransformation pa rs,i.e. n 
pairs of opposite types. (By the way, in every type of 4 basic transformations we have mentioned 
both their "+"  and " - "  forms.) Then from 8 transformations involved in the Central 
Propositions we derive 27 system antitransformations: 1 for I, 2 for Qn, QI or R, 4 for QnQI, 
QnR or QIR, and 8 for QnQIR. In particular, for Qn one has + Qn and -Qn,  for QnQI one 
has + Qn + QI, - Qn - QI, + Qn - Q1, and - Qn + Q1, etc. The antitransformation for I is I 
itself. 
PROPOSITION 6 
The set of 27 antitransformations with a composition law F is a 27-order Abelian group. 
In order to give a schematic presentation of the action of the compsition law F, one would 
draw a square Cayley table, putting symbols of 27 antitransformations i  its first column and 
the first row, while their compositions are posed in cells at intersections of the corresponding 
columns and rows. The result is a table containing 27 × 27 = 729 cells. Such a tremendous 
table is, however, not necessary: one can do with a representative fragment of the table 
(Table 4). 
The fragment enables one to verify immediately the validity of all 4 axioms of the group 
theory. The theorems by Lagrange and Sylow indicate that there are 13 subgroups of the 3rd 
order, 3 subgroups of the 9th order, one subgroup of the first order and one of the 27th order 
(18 subgroups in all ). The presence of 13 subgroups of the 3rd order is an evidence that any 
pair of opposite types for each of 8 transformations combined with the identical transformation 
and provided with the composition law F is a perfectly harmonical thriade. This is clear also 
from the fragment given in Table 4, which represents one of 13 subgroups of the 3rd order. 
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P I +Qn -Qn 
II . I 
I I +Qn -Qn 
+Qn +~n -Qn I 
-Qn -Qn I ,Qn 
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As in the above discussion, in application to History, the group of 27 nonevolutionary 
system antitransformations a d its subgroups turn out to be the (mathematically isomorphic to 
them) group of 27 evolutionary system antitransformations a d its subgroups. The presence of 
both "+"  and"  - "  realizations also for the evolutionary system transformations, in particular 
for the quantitative transformation (the quantigenesis)  confirmed in a quite convincing manner, 
say, by the following arguments. 
In his classical monograph "Oligomerization of homologous organs as one of the cardinal 
ways of evolution of animals" (1954) V. A. Dogel summarized the immense material on various 
classes of animals and used it to classify processes taking place in their evolution. The processes 
are (1) polymerization--an increase in the number of homologous organs, (2) oligomerization-- 
a decrease in the number of homologous organs, (3) a change of polymerization by oligomer- 
ization, and (more rarely) of oligomerization by polymerization, (4) polymerization i some 
organs and oligomerization i other organs and (5) a combination of polymerization with 
decentralization a d desintegration, and a combination of oligomerization with centralization 
and integration of the organism, with its higher differentiation, more sophisticated organization, 
etc. [8]. 
Thus GST is a highly developed theory of evolution and development, that can be estab- 
lished within the higher (general-system, philosophical) synthesis in terms of two new cate- 
gories, "the form of matter evolution" and "the form of matter development". However, this 
fact involves an opposite, complementary to them, general-system and philosophical category, 
namely, "the form of the matter conservation". 
The 8 items of the Central Proposition and the respective 1 first-order subgroup and 7 
second-order subgroup are in correspondence with the same number (8) of the conservation 
cases, taking place in the inanimate and animate nature and society, namely: (1) Qn, Q1, R, 
Z; (2) Q1, R, Z; (3) Qn, R, Z; (4) Qn, Q1, Z; (5) R, Z; (6) Ql, Z; (7) QN, Z; (8) Z. Here the 
symbols Qn, Q1, R, Z stand for 4 basic forms of the conservation, for quantity, quality, relation, 
and composition law of the primary elements. The examples of the first and the second forms 
are the conservation laws for electric, baryonic and leptonic charges which hold in quantum 
theory. An example of the conservation of relation is the law according to which the velocity 
of light in vacuum is constant. Finally, the fourth form has an example in the invariance of 
the physical aws with respect o the charge-space-time inversion, i.e. the Pauli-LiJders CPT 
transformation. The conclusion we draw is that the complementary categories "the form of 
matter evolution" and "the form of matter conservation" have their prototypes in quite real 
and fundamental properties of the world. 
As we have seen, the existence of the second- and third-order subgroups in the 8-th and 
27-th groups, respectively, is an evidence in favour of a symmetry in every separate system 
transformation which manifests itself under appropriate conditions. However, the symmetry of 
a separate system transformation has been investigated in the framework of GST(U) only for 
the case of the relative transformation. The work along this line has led us to a system theory 
of isomerism, and then also to an explication of the "isomerism-symmetry" correspondence. 
The detailed investigation of this correspondence has been completed with a derivation of the 
isomerism groups. Strange as it may seem, neither mathematicians, or naturalists and soci- 
ologists realize the existence and significance of this correspondence to a sufficient extent. In 
the following, we first present principles of the system approach to the isomerism, as soon as 
it is necessary, and then, having got the information we need, explicate the "isomerism- 
symmetry" correspondence. 
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GENERAL THEORY OF ISOMERISM.  ISOMERISM AND SYMMETRY 
This branch of GST investigates the third main mode of generation of object-systems-- 
replacing old relations between the primary elements by new relations. 
PROPOSITION 7. (The law of isomerization) 
Isomerism occurs in systems where object-systems, replacing old relations between the 
primary elements by new relations between the same elements, are transformed to two or more 
object-systems which are different in their inter-element relations. 
Proof. Isomerism is such a system of objects of the same kind which consists of object- 
systems identical in the contents (number and types) of primary elements, but different in 
relations between the elements. From the mathematical point of view, an isomer is a permutation 
and isomerism is a set of permutations, or arrangements of n primary elements taken n at a 
time. So the system must have isomerism, by definition. 
All forms of matter motions satisfy the conditions of the law of isomerization. Therefore 
isomerism must be present everywhere, as it was confirmed by the discoveries of isomerisms 
in chemistry (Woehler, Libich, Berzelius, 1822-1830), nuclear physics (Hahn, 1921), biology 
(Urmatsev, 1956-1957), sociology (Urmantsev, 1974), geology (Sharapov, Zabrodin, 1977- 
1979). It is remarkable that in geology the discovery of isomerism and its careful investigation 
were performed along the line initiated by predictions of the author's version of GST and owing 
to an extensive use of the general theory of isomerism developed in the framework of GST(U). 
Examples of isomerisms in chemistry, nuclear physics, biology, linguistics, and sociology 
have been presented in the author's monograph "Symmetry of Nature and the Nature of 
Symmetries"[3]. V. Yu. Zabrodin has exposed numerous examples of isomerisms in geology 
in his monograph "System Analysis of Disjunctives"[9]. 
The law of isomerization governs not only the forms of matter motion, but also the forms 
of matter existence. A realization of this fact was the starting point which enabled us to extend 
substantially the conventional theory of isomerism and to conclude on the existence not only 
isomer structures (bodies), but also isomer spaces, isomer motions, isomer times[3]. In Table 
5 we present he list of 4 fundamental and 64 fundamental and derivative isomerisms of principal 
form of the matter existence, and 63 isomerisms in this list are new, while 15 of them are 
related only to space, time and motion. (Probably, the reader has already noticed that this table, 
Table 5, List of 64 possible fundamental isomerisms and symmetries (60-61 among the symmetries 
are new, 63 isomerisms are new) 
Isomerism Isomerism Isomerism 
No. (symmetry) No. (symmetry) No. (symmetry) 
1 S 22 TDS 43 DSTM 
2 T 23 STM 44 DTSM 
3 D 24 SMT 45 TSDM 
4 M 25 MST 46 TDSM 
5 ST 26 MTS 47 STMD 
6 TS 27 TSM 48 SMTD 
7 SD 28 TMS 49 MSTD 
8 DS 29 TDM 50 MTSD 
9 SM 30 TMD 51 TSMD 
10 MS 31 DTM 52 TMSD 
l I TD 32 DMT 53 TDMS 
12 DT 33 MTD 54 TMDS 
13 TM 34 MDT 55 DTMS 
14 MT 35 SDM 56 DMTS 
15 MD 36 SMD 57 MTDS 
16 DM 37 MSD 58 MDTS 
17 STD 38 MDS 59 SDMT 
18 SDT 39 DSM 60 SMDT 
19 DST 40 DMS 61 MSDT 
20 DTS 41 STDM 62 MDST 
21 TSD 42 SDTM 63 DSMT 
64 DMST 
Note. S: space, T: time, D: dynamic, M: matter isomerism (symmetry). 
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as well as the next Table 6, are also tables of the corresponding symmetries; the reason owing 
to which the tables have the double significance will be explained below.) 
Examples of isomer spaces, isomer motions, isomer times are given in the mentioned 
book by the author. Here we present only examples of isomer spaces. 
Evidently, in accordance with the law of isomerization, the space isomerism must be 
considered as the phenomenon of the existence of a variety of spaces having the same contents, 
but with different relations between elements. For example, there are pairs of left and right 
dissymetrical spaces--continuums, semicontinuums, discontinuums, the classical symmetry of 
which is exhausted just with the first-kind elements. Clearly, from the point of view of the 
theory of dissfactors[5], or, say, the theory of multiple antisymmetry[10], every isomer variety 
of this type may contain not only a pair of such spaces, but also more of isomer spaces. Another 
example is the variety of space states which are transformed into each other because of various 
automorphisms--one-to-one mappings of the space onto itself. 
The classifications of isomerisms by the type of the operations transforming one isomer 
structure into the other suggested to the author a derivation of 54 structure isomerisms, 53 of 
which turned out to be essentially new. Those are crypto-, single and multiple anti- and/or 
colour isomerisms--classical ,  homothetic, conformal, affine, projective, topological. The re- 
suits are given in Table 6. 
At present, models have been constructed for many of the 54 isomerisms (cf. e.g. [3,1 1]). 
Besides, a possibility has been found for doubling, trebling etc. the number of the structure 
isomerisms owing to a change in the law according to which the properties (+ or - ,  colour, 
and others) are combined with themselves, as well as with basic geometrical transformations 
(Euclidean, homothetic, conformal and others). 
An investigation of the optical (to be more exact, dissymmetrical) isomerism, a phenom- 
enon known in stereochemistry, performed by the author[11,12] within GST, resulted in an 
evidence of the existence of three types of diss-isomerisms: the first type (old) with the number 
of isomers S = S~ = 2 k~ (its examples are the isomerisms of aldohexose and lime-tree leaves), 
the second type (new) the isomer number for which is 
S~°+k~++~" = i=o (p - i ) ! (ko -  p + i)! 
(its examples are the isomerisms of pyranohexose and isolated roots of some plants), and the 
third type (also new) with the isomer number S~+k, = 2k~ (its examples are the isomerisms of 
pyranohexose with k0 = 0 and cyclic corollas with an odd number of overlapping petals). 
Table 6. List of 54 possible structure isomerisms and symmetries (40 among the symmetries are new, 53 
isomerisms are new) 
Isomerism Isomerism Isomerism 
No. (symmetry) No. (symmetry) No. (symmetry) 
1 classical 19 affine 37 projective 
2 anti- 20 aft. anti- 38 proj. anti- 
3 muir. anti- 21 aft. mult. anti- 39 proj. mult. anti- 
4 colour 22 aft. colour 40 proj. colour 
5 mult. col. 23 aft. mult. col. 41 proj. mult. col. 
6 col. anti- 24 aff. col. anti- 42 proj. col. anti- 
7 col. mult. anti- 25 aft. col. mult. anti- 43 proj. col. mult. anti- 
8 mult. col. mult. anti- 26 aff. mult. col. mult. anti- 44 proj. mult. col. muir. anti- 
9 crypto- 27 aft. crypto- 45 proj. crypto- 
10 homothetical 28 conformal 46 topological 
11 horn. anti- 29 conf. anti- 47 top. anti- 
12 horn. mult. anti- 30 conf. muir. anti- 48 top. mult. anti- 
13 hom. col. 31 conf. col. 49 top. col. 
14 horn. muir. col. 32 conf. mult. col. 50 top. mult. col. 
15 hom. col. anti- 33 conf. col. anti- 51 top. col. anti- 
16 hom. col. mult. anti- 34 conf. col. mult. anti- 52 top. col. vault, anti- 
17 hom. mult. col. muir. anti- 35 conf. mult. col. mult. anti- 53 top. mult. col. mult. anti- 
18 hom. crypto- 36 conf. crypto- 54 top. crypto- 
Note. mult.: multiple, col.: colour. 
CA.HW.,O..2:1/2 (B) -Z 
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In previous works[3,5] we have proved the existence of three types of dia-stereo-isomer- 
isms, as well as of dissymetrical-non-dissymmetrical and non-dissymmetrical isomerisms. We 
have shown that the phenomena of antipodes, dia-stereo-, cis-, trans-, ortho-, meta-, para- 
isomers, of tautomerism, ofconformation, which were considered earlier as if they were specific 
for chemistry, are not restricted to any separate branch of science. It was also shown in the 
mentioned works that the phenomena of antipodes and dia-stereo-isomers, which were previ- 
ously related only to the dissymmetrical isomerism in chemistry, are in fact present also in 
isomerisms of some non-dissymmetrical types. 
Moreover, linguistic models enabled us to make a number of observations: 
(1) For certain object-systems isomerism may be generated by any of 7 non-identical 
transformations. 
(2) The R transformation may result in a number of transitions: (i) an isomer set trans- 
formed into another isomer set (say, the set {tom, omt} into the set {tmo, into}), (ii) a non- 
isomer set transformed into a non-isomer set (say, {tom} into {omt}), (iii) a non-isomer set 
transformed into an isomer set and vice versa (e.g. {tom} ~ {tmo, mto}, or {tmo, mto} --~ 
{tom}). 
(3) Each of 7 non-identical transformations can generate an isomerism from an original 
object with no change in its composition for instance by means of a quantitative transformation, 
as in the scheme 
-t.-m +m.* , [  ] 
tom ~ o ~ mot 
- t ,  -~n +m, +t  
tom o ~ Ltmo_l 
the inverse transformation is also possible (e.g. as in the above scheme with reversed arrows). 
(4) In accordance with Proposition 4, a non-isomer set of object-systems can be trans- 
formed into a non-isomer set and vice versa in 254 different ways. 
(5) If two isomers 11 and 12 (or any two objects A and B) are different in at least one 
feature (in the case of isomers it is the structure), then they are different in infinitely many 
relations to other objects (in the case of isomers, in their properties), 
(6) If two isomers 1~ and 12 (or any two objects A and B) are different in at least one 
relation to other objects, then they must be different in at least one feature (in the case of 
isomers, in their structure). 
(7) Isomerism is intimately related to symmetry. 
Let us discuss the last point in more detail. 
The relation between isomerism and symmetry is proved by means of the theory of 
permutation groups. Actually, this theory and the relevant mathematical ideas in general have 
a meaningful interpretation as the theory of isomerisms. In fact, from the mathematical point 
of view, isomer is a permutation, isomerism is a set of permutations, isomerization is a 
substitution the upper line of which means the object of the isomerization, while the lower line 
is the result of the process, subsequent isomerizations are the product of substitutions. The set 
of all substitutions with the product as the composition law is the group of permutations. Thus 
the set of all isomerizations with the product operation is also a group, the group of isomerism, 
so it reveals an "isomerism symmetry". Clearly, the latter is the invariance of the isomers in 
their composition with respect o the isomerism operations. Owing to these operations, i.e. 
isomerizations, ome isomers in the set are transformed into other isomers in the same set, and 
the whole set is mapped to itself conserving the contents of primary elements and composition 
of the isomers. The arguments presented suggest he following proposition. 
PROPOSITION 8 
Any finite group of all isomerizations of n-th order, a group I . ,  is isomorphic to the n-th 
order group S. of all substitutions. 
The mathematical isomorphism of the theory of groups of substitutions to the theory of 
groups of isomerisms permits an immediate xtension of results from the former to the latter. 
In particular, we have the following. 
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THEOREM (Cayley) 
Any finite group of order n is isomorphic to a subgroup of the group of substitutions of 
n-th degree. 
The analogue of this theorem for isomerism is the following: 
PROPOSITION 9 
Any finite group of order n is isomorphic to a subgroup of the group of all isomerizations 
of n-th degree. 
Hence the next proposition follows. 
PROPOSIT ION l0  
Any finite symmetry group of order n is isomorphic to a subgroup of the group of all 
isomerizations of n-th degree. 
The isomorphism between symmetry and isomerism, established here at least for the finite 
groups, permits one to draw a number of conclusions, transferring the results from one branch 
of science to the other. The most important conclusions are as follows. 
(1) The lists of 64 fundamental nd 54 structure isomerisms can be considered also as 
lists of 64 fundamental nd 54 structure symmetries. This is the reason why the Tables 5 and 
6 presented above are also the tables of symmetries, both known and discovered for the first 
time. 
(2) One can introduce the concepts of continuous and discrete isomerism transformations, 
finite and infinite isomerism groups. 
(3) One can introduce the concept of the isomerism dimensionality. An isomerism will 
be considered as n-dimensional (n = 0, 1, 2, 3), if any isomer in the set has an n-dimensional 
symmetry, be it point-wise, linear, planar, or spatial. For example, the isomerism of asym- 
metrical aldohexoses of the composition C6Ht206 or  that of asymmetrical lime-tree leaves is 
0-dimensional, as any of 16 isomers of the aldohexose compound or leaf has a point symmetry 
group (l). Isomerism of plant sprouts with left or right configurations of leaves is one-dimen- 
sional, since every sprout isomer has a one-dimensional, or linear, symmetry described by one 
of the "rod" symmetry groups. Sometimes, however, the isomer symmetry is changed by 
isomerization. For instance, depending on the ion strength and the solution temperature, RNA 
molecules may exist either as tangels having a point symmetry, or as threads having a one- 
dimensional symmetry. Respectively, such objects have not just n-dimensional symmetry, but 
an n~ - n2 - . • . - nk -dimensional symmetry. In the case of RNA the symmetry is 0-1 - 
dimensional. 
(4) A new idea is advanced on a possible development of a theory describing roups with 
nl - -  n2 --  • • • --  nk -dimensional symmetries for which the object dimensionality is not 
invariant under the syummetry transformations. 
(5) A conclusion new for the classical theory of structure symmetries i drawn: it is 
possible to realise any dissymmetrical (left or right) or non-dissymmetrical object not only in 
two or one modifications, respectively, but also in numerous, in a limit-infinite, modifications. 
This is a direct consequence from, say, a possible existence of any dissymmetfical or non- 
dissymmetrical isomer in two or more isomer (or, more generally, polymorphic) modifications. 
This conclusion can be drawn also from the theory of dissfactors developed by the author[3,5]. 
It is not out of place to conclude this Section with an eulogy to isomerism; the phenomenon 
deserves it completely. Actually, though in view of the law of isomerization the isomerism is 
not a universal property (it is specific only for a certain type of systems), the requirements of
this law are fulfilled for special cases of every form of motion and every form of the matter 
existence; more than that, such cases may be found in every branch of science. This fact alone 
is sufficient reason to adopt the concept of isomerism as a universal category for science as a 
whole. However, the isomerism is significant not only for natural sciences, it has a fundamental 
philosophical meaning; first of all, because of the fact that the relative mode of transformations 
of object-systems, i.e. a transition from old relations between primary elements to new ones, 
is not an ordinary mode of transformation, but a primary, indecomposable and irreducible, 
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specific form of the matter evolution. Recall that from the point of view of GST(U) the relative 
form of the matter evolution is one of 4 basic primary types of ~ransformation f old object- 
systems into new ones. 
Unfortunately, the universal character and the fundamental nature of isomerism, owing to 
its direct relevance to genesis, symmetry, composition-structure-properties of objects in inan- 
imate and animate nature and human society, have been realized to full extent neither by 
philosophers, nor by investigators in other fields, natural sciences or humanities. 
Isomerism is a special case of polymorphism ("isomeric polymorphism"). Therefore one 
would decide that now we should turn to a consideration of polymorphism and its generating 
system transformations, quantitative-relative andquantitative-qualitative-relative. However, the 
symmetry of such transformations is still practically unknown in the framework of GST, though 
a number of other aspects of polymorphism have been elaborated within GST in a sufficiently 
complete manner. Therefore we will not dwell on polymmorphism and concern directly its 
necessary and tantamount complement--isomorphism. Below we start from a definition of 
system isomporphism, and then omitting for brevity a number of relevant system propositions 
we shall undertake an explication of the nature of the relation "system isomorphism--sym- 
metry". The revelation of this relation will make it possible to describe the symmetry of a 
system as itself. 
System Isomorphism and Equivalence 
It is not a simple task to propose an adequate definition for"isomorphism". In the literature 
on the system theory it is taken as something primordial, in contrast to GST advocated by the 
author where it is introduced at some stage of the theory as an opposite to polymorphism. Most 
people treat isomorphism unreasonably just as the mathematical isomorphism. Meanwhile, there 
is a concept of isomorphism in natural sciences, which was originated from Rome del'Liesl, 
Le Blanc, Haiiy, Bedans, and formulated in a "complete variant" by E. Mitscherlich who 
investigated a number of phosphates and arsenates (1819-1821). By suggestion of Jacob Ber- 
zelius, Mitscherlich named the new phenomenon "isomorphism"--the property of having the 
same form (cited from [13]). Afterwards the concept was adopted in mathematics, and then in 
other sciences, including humanities and biology, and has been reduced to just a similarity of 
a usually high degree and mainly in morphological features (though this is not at all obligatory). 
Clearly, the mathematical definition of isomorphism cannot be adopted as basic in GST. 
It was our opinion that, in accordance with the spirit of GST, which is an urge towards a 
maximum generality, pithiness, synthesis, the appropriate definition must be satisfactory for 
mathematicians and scientists, but it should not coincide with their particular interpretations, 
Having this argument in mind, we introduced the new term "system isomorphism". 
DEFINITION 4 
System isomorphism is a relation R between object-systems within the same system of 
type-S objects, which is specified as a subset of Cartesian product of the system S, R C_ Sc × 
So, selected by compared features F1 . . . . .  Fk and having two properties: (1) reflexivity, by 
virtue of which any object-system a ~ S is in the system isomorphism to itself, aRa; (2) 
symmetry, by virtue of which, if an object-system a is in the system isomorphism to an object- 
system b, the latter is also in the system isomorphism to a, i.e. if aRb one has bRa. 
We emphasize the system character, pithiness and generality of this definition. 
Definition 4 has a system character, as the system isomorphism is represented asa subset 
which is reflexive, symmetrical nd has features F~, F 2 . . . . .  Fk, contains pairs of similar 
object-systems and belongs to the system Sc × So. Primary elements of this subsystem are all 
elements of object-systems of the system S, or only a part of them, the unity relations are the 
combination relations, the composition law is the two properties and the requirement that the 
elements possess ome given features. 
The definition is meaningful and general, since system isomorphism appears, on the hand, 
as a system explication of the similarity relation which is fundamental for science, arts, and 
practice, on the other hand, as a synthetic general category, the superlative ofwhich is " identity" 
and the most common mode is "partial resemblance". An important particular case is "equiv- 
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alence" having numerous pecial forms, among which more significant for our purpose are 
the relations of "equality" and "mathematical isomorphism". It is the concept of "equiva- 
lence" that makes it possible to explicate the relation "system isomorphism-symmetry". 
DEFINITION 5 
Equivalence is a relation R between object-systems within the same system of type-S 
objects defined as a subset of Cartesian product of the system S, R C Sc × So, which has the 
following properties: (1) reflexivity, by virtue of which any object-system, a E So, is equivalent 
to itself, aRa; (2) symmetry, by virtue of which, if an object-system a is equivalent to another 
object b, then b is equivalent to a, i.e. if aRb then bRa; (3) transitivity, by virtue of which if 
an object-system a is equivalent to b, and b is equivalent to c, then a is equivalent to c, i.e. 
if orb and bRc then aRc. 
The definitions of system isomorphism and equivalence are almost identical, up to point 
(3). This is done in order to make more manifest the fact that the second concept is a particular 
case of the first concept. However, this was not our main purpose; we aimed to investigate the 
relation "system isomorphism-symmetry" b  means of the concept of equivalence. 
There are at least wo ways to approach the above problem: first, by means of the concept 
of "equality", a particular case of the equivalence r lation; second, by means of a derivation 
of the correspondence and symmetry laws using the concept of equivalence. Let us consider 
these points in more detail. 
Equality-symmetry 
In GST(U) objects 0 are considered as equal in features F if they can be made indistin- 
guishable in these features after introduction of modifications M. If we compare this definition 
with the definition of symmetry (cf. Introduction) and replace the word "coincidence" in the 
latter by "equality", it is seen that symmetry is equality or, at least, a category essentially 
based upon the concept of equality. 
It is remarkable that each of 4 axioms of group theory (the closure axiom--indirectly, and 
other three--quite literally) do also state some equalities, so the group-theoretical viewpoint 
supports the above conclusion on symmetry. 
The concept of "equality" is in a similar situation. If we replace the word "equal" in the 
above definition by "symmetrical", it is seen that equality is symmetry or, at least, a concept 
essentially based upon symmetry. This is also in agreement with the properties of the equivalence 
relation, as well as of the equality relation, namely, reflexivity, symmetry, transitivity, as these 
properties are equivalent to three group axioms, namely, on the neutral element, on inverse 
elements, and on the closure of group. 
The double analysis, that of symmetry based on equality and of equality based on symmetry, 
prompts us positively to a very bold, though apparently simple, conclusion that symmetry is
equality, equality is symmetry, and both concepts are identical. Respectively, asymmetry is
inequality, inequality is asymmetry, and these concepts are also identical. 
Independently of a conclusion one draws on the nature of the "equality-symmetry" e- 
lation, the fundamental significance of equality for symmetry, and that of symmetry for equality, 
is quite evident. Therefore it would be not out of place to present a brief analysis of the theory 
of symmetry, and the history of its development, basing on the definition of equality. 
It follows from the definition that equality is a relative property. It will be shown below, 
taking the theory of the structure symmetry as an example, that it is a relativistic understanding 
of equality that was an implicit basis put by the people who developed the theory of symmetry 
under all the relevant constructions, both classical and non-classical schemes, elaborated during 
the past 60 years. 
In fact, in the case of the coincidence and/or mirror equalities adopted in the classical 
theory of symmetry, the features to be compared are the configurations of objects, while the 
identifying operations are, in the first case, translations and/or rotations and, in the second 
case, mirror reflections (in a point, line, plane, space) and combinations of the latter ones with 
non-mirror motions. 
As to the non-classical theories of the structure symmetry, single and multiple anti-sym- 
metry, colour symmetry, colour single and multiple anti-symmetry, crypto-symmetry, P-sym- 
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metry, complex symmetry, dissfactors, Q-symmetry, W-symmetry, homothety, affine, con- 
formal and curvilinear symmetries, ymmetries in multi-dimensional Euclidean, non-Euclidean, 
pseudo-Euclidean spaces, the situation is quite similar. For example, we refer to the theory of 
the structure antisymmetry, because most other non-classical theories of symmetry are either 
its further extensions, or overlap with it substantially. 
In the theory of antisymmetry, a left white glove is treated as equal (or "anti-equal") to 
fight black one, and vice versa, because there is such a combined reflection in a plane ("anti- 
plane") which transfers left to right, right to left, black to white, white to black, and the whole 
figure of two gloves is transformed to itself. 
The above arguments suggest some conclusions. 
First, new theories of symmetry treat as equal also such objects (such equalities) which 
were considered as essentially different in previous theories (respectively, asinequalities). The 
unique reason why these qualities have been adopted is always the same thing, i.e. the existence 
of real or/and mental operations making the objects O, compared infeatures F, indistinguishable. 
Second, because of the discovery of new identifying operations, the adoption of new types 
of equality is not just a simple reformulation of known facts (in terms of the theory of anti-, 
colour or curvilinear symmetry); it has always resulted in an advancement, since in each case 
the new approach enabled one to derive more completely and accurately the number, structure 
and type of the symmetry, possible for objects of a given class, and hence to predict he number, 
structure and type of all polymorphic modifications which are possible in principle. It is sufficient 
to recall in this connection that instead of 32 zero-dimensional, 75 one-dimensional, 80 two- 
dimensional, and 230 (219) three-dimensional classical crystallographic groups, in the theory 
of anti-symmetry there are, respectively, 122, 394, 528 and 1651 crystallographic Shubnikov 
groups which permit one to analyse more accurately the shapes of the crystal polyhedra, the 
form and structure of their vertices, edges, faces, the properties of the crystal in the whole, its 
physical and chemical characteristics. 
A concluding remark. A generalized understanding of equality is of considerable meth- 
odological importance, since it suggests an idea that there are not just a few dozen equalities, 
known at present in various theories of symmetry, but an infinite sequence of equalities. Thus 
it gives a direction and an impact to the scientific research. Simultaneously, this approach 
involves in the theory a variety of unknown, peculiar equalities and symmetries, if corresponding 
identifying operations are introduced in a proper way. In this sense, the problem of development 
of new theories of symmetry is now an almost rivial task, since the most exciting aspect of 
symmetry, "what is equality?", is no longer a sacramental question. Meanwhile, with all this 
in mind, one has to admit hat equal and inequal, identical and different, conserved and changed, 
resting and moving, symmetrical nd asymmetrical, true and false under a set of transformations 
in one theory, may turn out and in fact are indeed, respectively, inequal and equal, different 
and identical, changed and conserved, moving and resting, asymmetrical nd symmetrical, false 
and true in another theory, with respect to a different set of symmetry transformations. 
Laws of correspondence and symmetry 
Formally, a system of objects of kind i can be considered as a finite or infinite set of 
object-systems specified by means of a principle Ai which incorporates ai E {A!°~}, r E {Ri}, 
zi ~ {Zi}. This identification permits one to extend concepts and theorems of the theory of finite 
and infinite, fuzzy and non-fuzzy sets directly to GST and to develop the latter also (but not 
exclusively) as a theory of finite and infinite, fuzzy and non-fuzzy systems. 
In particular, it is by means of a simple transfer of the results that we shall prove below 
the existence of the laws of correspondence and symmetry which are important for GST. 
However, before presenting the definitions and set-theoretical schemes of the proofs, we will 
draw attention to some comments necessary for understanding of the matter. 
As in the set theory, we assume that an infinite system of object-systems of a kind B, 
SB = {a, b, c . . . .  }, has the same cardinality as an infinite system of object-systems of a kind 
C, Sc = {cx, 13, ~/ . . . .  }, if there is a one-to-one correspondence b tween the object-systems 
belonging to these systems at least by a single law (a)f  = a, where f is a functional relation 
law. Consequently, it can be said that Sc has cardinality equal to that of $8, and the notation 
[Sc[ ~ ISR[ is adequate, where the wavy line is simultaneously the symbol of equivalence, since 
the relation specified in this way is an equivalence r lation. 
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Evidently, for finite systems of objects the equal cardinality is just an equal number of 
object-systems, sothe cardinality is a generalization f the number of elements. In analogy to 
a pair of systems, of kinds B and C, having n~ and n~ elements, respectively, where a single 
one of three possible relations, nt = n2, n~ > n2 or nt < n2, takes place, for two infinite systems 
of objects, St and $2, with cardinalities mj and me, only one of three relations is possible, 
ml = m2, ml > m2, or ml ~ m2. 
PROPOSITIONS 1 l, 12 
The laws of correspondence and symmetry. For any two systems of object-systems, S 1 
and $2, relations of only 4 types are possible: 
1. S~ and $2 are equivalent and mutually symmetrical. 
2. S~ contains a proper part equivalent and symmetrical to $2, and $2 contains a proper 
part equivalent and symmetrical to Sl. 
3. St contains a proper part equivalent and symmetrical to S:, and $2 contains no proper 
part equivalent and symmetrical to St. 
4. $2 contains a proper part equivalent and symmetrical to S~, and S~ contains no proper 
part equivalent and symmetrical to $2. 
A relation of the fifth type, where neither Sj contains a proper part equivalent and sym- 
metrical to So, nor $2 contains a proper part equivalent and symmetrical to S~, is impossible. 
Proposition 11, the law of correspondence, is proved by means of Zermelo's axiom of 
choice, as in the set theory. Besides, it is important to have in mind that, according to the 
Kantor-Bernstein theorem (if each of two sets (systems) is equivalent to a part of the other 
one, the sets are equivalent), the case 2 is, in fact, the same as the case 1. It is clear hence 
that the relations mt = m2, m~ < m2, mt > m2, where ml and m2 are cardinalities of St and 
$2, respectively, are incompatible. 
Proposition 12 is the law of symmetry; the existence of a symmetry of one of 4 types 
(more exactly, in view of the Kantor-Bernstein theorem, 3 types) stems, at least, from the 
following arguments. 
First, it is a consequence of the fact that the equivalence r lation (in the present case, the 
equal cardinality) which holds in some way between the system, does already contain the 
condition of a mutual symmetry, as we have seen in the above analysis of the "equality- 
symmetry" relation. 
Second, it results from the fact that the one-to-one mappings, involved in the establishment 
of 4 (3) equivalence types mentioned in the correspondence law, are always sets of mappings 
which are mathematical groups with an appropriate mapping composition law. In fact, the 
set present in type 1 contains the identity mapping e transforming every element k E Si 
(i = 1,2) into itself, in type 2 every mapping ct: a ~ a', a E Si, a' ~ $2, has an inverse t-~: 
a' ---> a, in type 3 any two mappings et, 13 are present together with their product et • 13. 
Having in mind the problems tated in the Introduction, we shall consider the law of 
symmetry in more detail. The law of symmetry asserts that (i) there exists an intersystem 
symmetry for any two systems of kinds A and B, (ii) there is an intrasystem symmetry, a
symmetry of the system as itself, if SA and S~ are considered as subsystems of a new sys- 
tem Sc. 
Evidently, the number of intersystem symmetries would be larger than 4 (or 3), if the 
systems SA and S~ are compared in their system-generating parameters, i.e. in (1) m; (2) r; (3) 
z; (4) m, r; (5) m, z; (6) r, z; (7) m, r, z. Respectively, there are 7 sets for the system SA: 
{MA}, {R~,}, {Za}, {MA, RA}, {MA, ZA}, {RA, ZA}, {MA, RA, ZA}, and 7 sets for the system SB: 
{MB}, {RB}, {Ze}, {Me, RB}, {Me, Ze}, {Re, Ze}, {Me, RB, ZB}. In turn, various equivalence and 
symmetry relations can be found between any sets in the first group and any sets in the second 
group, 7 × 7 = 49 types in all (like {MA} ~ {MB}, {MA} ~ {RB} . . . . .  {MA, RA, ZA} 
{MB, RB, Zs}), and as there are 3 basic types (mentioned in the laws of correspondence and 
symmetry) the total number of types is 49 × 3 = 147. 
Similarly, we have not 4 (or 3), but 28 intrasystem symmetries, putting each of 7 sets 
{M}, {R}, ~Z}, {M, R}, {M, Z}, {R, Z}, {M, R, Z}, relevant to systems SA and SB, in correspondence 
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to itself, as well as with other 6 sets in view. With account of 3 basic types, the number of 
the intrasystem symmetries i not 28, but 28 x 3 = 84. 
Thus, for arbitrary systems Sa and SB there are (49 + 28 x 2) = 105 kinds, and 
105 × 3 = 315 types of inter- and intra-system symmetries! 
A considerable progress can be attained in the investigation of the inter- and intra-system 
symmetries, if we take into account he fact that the conditions of the law of symmetry hold 
for all types of the matter motion and all forms of the matter existence: space, time, motion, 
and their "carrier"-substance (substratum). Taking them in various combinations and arrange- 
ments, we get, respectively, EC~ = 15, and EAt = 64 different systems. 
The first fact is responsible for the necessary existence of mechanical, physical, chemical, 
geological, biological and sociological symmetries, as confirmed by observations in absolutely 
every branch of Science and Art. It provides also with a rational explanation for the existence 
of all the symmetries. 
The second fact is responsible for the necessary existence of inter- and intra-system 
symmetries in each of 15 (with account of possible orders, in each of 64) systems given in 
Table 5. If one would put each of 15 (or 64) systems in correspondence both with itself and 
with other 14 (63) systems, the number of possible symmetries (with or without an account of 
the presence of 3 types), the numbers of possible symmetries are, respectively, 120 and 360-- 
for systems of 15 types, and 2080 and 6240--for systems of 64 different types. Note that the 
number of possible symmetries ~, and the completeness of the exhaustion are evaluated 
by means of the formula for the sum of n terms of an arithmetic progression, ~n = (1/2) 
(a~ + an)n, where az is the first term and a, is the n-th term of the progression. For instance, 
for 15 system types one has Z15 = (1/2)(1 + 15 )15 = 120. 
The law of system similarity 
In the law of correspondence, the word "equivalence" can be replaced by "system iso- 
morphism", since the former is a particular case of the latter, which imposes on the system 
concerned less restrictive conditions than the former. Thus we get the law of system iso- 
morphism-the law of system similarity, and consequently, 4 (3), 28, 49, 105, 120, 2080 
system isomorphisms (according to the numbers of the symmetry types) in mechanics, physics, 
chemistry, geology, biology, sociology, relevant to space, time, dynamics, matter. 
By virtue of the law of system similarity, the relations of the system isomorphism ust 
take place in absolutely any pair, triplet . . . . .  n-plet of systems, say, in the sequence: "sub- 
stance, arrangement of stars, idea, a human fate, form, identity, beauty, life of Count Lev 
Tolstoy, catalase-induced desintegration f hydrogen peroxide, measure, essence, Wizard by 
componist G. Sviridov". 
One should not think that in this arbitrary sequence we mean a universal unity in the spirit 
of Leibnitz's universal identity, indistinguishability. This point of view would be, at least, 
naive. Actually, we mean a universal system isomorphism, which may appear either as the 
Leibnitz identity, or as a partial similarity, or as equality, or as the mathematical or natural 
isomorphism, etc. That is to say, in general the system isomorphism admits a variety of 
realizations of the same thing by means of different primary elements or/and the unity relations, 
or/and the composition laws. To summarise, it reveals a variety in unity. 
In the real world of systems we find a lot of evidences in favour of the system similarity. 
Examples of the similarity are the isomorphism between 16 isomers of lime-tree leaves and 16 
isomers of aldohexoses, between 9 isomers of inosite and 9 (out of 14) isomers of barberry 
corolla, between cis- and trans-isomers of 1,2-dichlorethylene and cis- and trans-isomers of 
corolla of Viola nocturna, between right and left isomers of glyceraldehyde and right and left 
crab-violinists, between the general structure of genetic ode, the binomial series of 26, ico- 
sahedron, dodecahedron, a chemical compound barena, and Radiolaria cyrcoregma dodecahedra. 
One can also mention similarities between homological sequences in the development of animals 
and plants and homological sequences of spirits and hydrocarbons, between the sequence of 
development of things in human material culture and the sequence in evolution of organisms, 
between biological evolution, biocenosis, natural selection and technical evolution, technocen- 
osis, informational selection, between genome and language, evolutional genetics and com- 
parative philology, between the lognormal law of distribution of galactics in Space and the 
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same law for abundance of chemical elements in Earth's crust, distribution of structural con- 
stituents in polycrystals, distribution of animals and plants on Earth's urface, between periodical 
law for chemical elements and the periodical law for cyclic corollas, a rhythmic structure of 
chemical elements and a similar structure of the series of musical tones, etc. The number of 
relevant examples can be immensely increased easily. In GST(U) this must be expected, but 
the main point is elsewhere. 
The system similarity cannot be reduced to any type of similarities known in natural sciences 
or sociology, in particular, to convergence or parallelism, familiar in biology. Actually, the 
system similarity may be not a result of a kinship or/and similar conditions of the existence. 
The similarity may arise just from different realizations of the same abstract system of a kind 
i. Such is the origin of the similarity, say, between 16 isomers of aldohexose and 16 isomers 
of lime-tree leaves[14], between Ohm's law of electric onductivity, Fourier's law of thermal 
conductivity, and d'Arsy's filtration law. The new type of similarity due only to an effect of 
different realizations of the same thing, has been called system community in our works. 
Of course, the existence of the system community is somewhat complicating our under- 
standing of the nature of similarity. However, neglecting it one can draw incorrect conclusions, 
in particular, construct wrong "life trees", as it was shown by S. V. Meyen[ 15] for the example 
of the English paleobotanist R. Melville. This reasoning suggested to the author an aphorism: 
" I f  two things are similar, the similarity is not always due to a kinship, or to identical conditions 
of life, or to both these reasons." 
Before the appearance of GST, various correspondences, say, between qualitatively different 
sequences of development, orbetween laws discovered in different aspects of nature or society, 
or between umber characterizing qualitatively different systems, have been never expected. 
Such correspondences were established empirically and, as a rule, considered by many people 
naively as results of purely accidental coincidences. Meanwhile, it is probably for the first time 
in science, such "accidental coincidences" are directly derived from a number of laws of GST, 
and therefore are quite expectable. It is an essential thing: such expectations combined with an 
algorithm of prediction of similarity developed within GST(U) give hope that it is possible, in 
principle, basing on known systems (say, the life of A. S. Pushkin, or Mendeleev's Periodic 
Table), to reconstruct e.g. texts of the 100 books by Democritus, which are supposed to be lost 
forever, or to predict new writings of modem or future authors. The real existence of the system 
isomorphism enables one, in principle, to explain the phenomenon of Jeanne d'Arc or the 
possibility of infinitely many performance interpretations in Art, model building in Science, 
versification i  literature. 
The law of symmetry and the whole logics of our reasoning lead us to a conclusion that 
absolutely every system has necessarily a symmetry in some features and under some trans- 
formations, and is asymmetrical in other respects. Such a concept of system has an important 
methodological nd psychological significance, since it gives an investigator a hope to find 
symmetrical nd asymmetrical properties in the system under study, prompting him to discover 
properties of both types. 
As to the law of system isomorphism, it aims investigators todetect various imilar features 
in different systems concerned. Both these laws have been deliberately employed by the author 
in the elaboration of new sections of GST, the theory of 2-, 1-, and 0-sided actions and the 
theory of relations of contradiction and compatibility. 
Relations of 2-, 1-, O-sided action, contradiction and compatibility 
In Table 1 we have presented the space-time system of 9 actions S, (the subscript means 
"action"); in Table 7 the same 9 actions are united in a group of actions with the composition 
law F. It is seen directly from Table 7 that (1) for any two actions a, b E ~, their composition 
aFb is also an element of ~, (2) the law F is associative, since for any three actions a, b, c E 
one has aF(bFc) = (aFb)Fc. In particular, <<F(<>F><)~ (<<F= =)--~ <<,  and 
(<<F<>)F>< ---* (> =F><)  --~ <<,  (3) there exists a unique F-neutral action, a quasi-0- 
action = =,  such that its composition with each of the 9 actions is the latter action again (see 
the second row and the second column in Table 7), (4) for any action a in the set there is a 
unique opposite action a-~, such that aFa-~ = a-~Fa . . . . . . .  (see Table 8). 
It is seen from Table 7 that the group is commutative, i.e. Abelian; it is of 9-th order and 
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Table 7. The 9-order group of actions 
(< -< => <> 
i i  ii 
<< = < => <~ > 
== >= >K = C 
>> <'> < - > = 
<> = > = I  < = 
< . . . .  < ( (  
> ,  < = <~ >< 
=) >.~ >= ==. 
=< >< >)  => 
>< < - ~ . .  
ii i i i 
<-  => <> 
= > )< - < 
>~ <'< >(  
= ( >= == 
(< =.  <.  
contains, according to Lagrange's and Sylow's theorems, 6 subgroups: one of the 1st order, 
four of the 3rd order, and one of the 9-th order. Thus the system So is, in fact, symmetrical 
with respect o the composition law F, given in Table 7. 
However, the same system S, appears as an asymmetrical object, a groupoid (not a group) 
with respect o another composition law E, given in Table 9. The groupoid is constructed 
essentially in agreement with the common sense: in Table 9, as before, every action of Table 
8 has its opposite, the action "= ="  is also neutral, the E-composition of the opposite actions 
a and a-t  is the neutral element . . . . . .  , i.e. aEa-~ = a-~Ea . . . . . . .  . These properties 
are the same as in a group, yet the composition law of Table 9 is not that of a group, since it 
is not associative. This is seen, say, from the following example: 
<<E(= >E<>)  ~ <<E<>~ <=,  (<<E= >)E<> --~ <=E<>~ <>.  
Besides, aEa = a, while aFa = a-~. Thus the system S, is not symmetrical with respect o 
the composition law E, or probably it would be better to say that it is dissymmetrical. 
Table 10 is a qualitative classification of actions of A on B and of B on A, which are 
realized at 2-, 1-, 0-influences. This table is also a qualitative classification of relationships 
between the partners (A and B), so it can be considered in two aspects: as a table of actions 
and as a table of relationships. 
It is clear from the qualitative point of view that only 9 relationships are possible. The 
formula for the number of arrangements with repetitions, A, k = m k provides us with a proof 
that the variants are exhausted completely. In the present case m -- 3 ( + ,  - ,  no sign), k = 2, 
so A~ = 32 = 9. The system of relationships i  represented by two opposite subsystems. 
The first subsystem consists of pairs of objects which are in agreement with each other. 
This subsystem is called conrelative (from Latin 'con' - - 'wi th,  together'). The conrelative 
subsystem consists of three conrelative pairs: +A + B, -A -  B, AB. The objects in these pairs 
are called the conrelatives (which are in accordance, identical, similar) or isoids (from Greek 
' isos'- - 'equal,  identical, similar'). Examples of the conrelativism are the phenomena of syn- 
ergism and antogonism of ions in physiology of animals and plants, the mutual neutrality in 
politics, the absence of interaction, consonances in music, concordance in genetics. 
Table 8. Opposite actions and their F-compositions 
+ F - 
m D 
> >  < <  
< =  > =  
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Table 9. Groupoid of 9 actions 
I~ - -  << ;~)  - < - ;~ < > >< < ~, 
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The second, alternative subsystem consists of pairs of objects which are in different and 
opposite relationships. We call it 'disrelative' (from Latin 'd i s ' - -a  prefix which means sepa- 
ration). The disrelative subsystem consists of two alternative sub-subsystems. 
The first sub-subsystem consists of pairs of objects which are different and contrasting. 
We call it 'contra-disrelative'. The contra-disrelative sub-subsystem consists of two pairs of 
objects, +A-B  and -A+B.  The objects in such pairs are called 'contra-disrelatives' or 
'antioids' (from Greek 'anti ' - - 'counter') .  The classical example of the antioidism is the one- 
sided parasitism in animate nature. 
The second sub-subsystem consists of pairs of objects which are different but not con- 
trasting. We call it 'noncontra-disrelative'. The noncontra-disrelative sub-subsystem contains 4 
pairs of objects, +AB, -AB,  A +B, A -B .  The objects in such pairs are called 'heteroids' 
(from Greek 'heteros'-- 'other') .  The example of the heteroidism is the one-sided eterminism 
in the correspondence b tween past and present, present and future. 
Evidently, if we start from a contensive concept of actions and the requirements of the 
law of the system similarity and put the unique quasi-0-action . . . . . .  in correspondence to 
the unique conrelative relationship AB, and the 2-action " ,¢" - - in  correspondence to a 
conrelative relationship, say, + A + B, then we get the mathematical isomorphism of the system 
10 (see Table 10) to the system 1 (see Table 1) and consequently, to the following one-to-one 
correspondences: 
(1) << . +A+B,  
(2) = < A +B,  
(3) <= +AB, 
(4) <> +A-B,  
(5) AB, 
(6) >< -A  +B, 
(7) >= -AB,  
(8) = > A-B ,  
(9) >> -A -B .  
Both the systems may be considered as interpretations of each other. 
Because of the mathematical isomorphism between the system 10 and the system 1 and 
as the system 1 is a group with respect o the composition law F and is not a group with respect 
to the composition law E, the system 10 can be treated both as a group and as a groupoid, as 
a symmetrical or asymmetrical set, with respect o the same composition laws F and E, re- 
spectively. 
Below, in Table 11 we present only the group of relationships of the 9-th order with its 6 
subgroups: 1 of the 1st order, 4 of the 3rd order, and 1 of the 9-th order. It is not difficult to 
notice that the group of relationships i completely isomorphic to the group of actions. Besides, 
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Table 10. Qualitative system of relationships 
• and 
with  respect  to  
I ~" 
dif ferent-disrelat ive 
B 
the  act ion  ( re la t ion)  
I 
I ) 
oppos i te  non-oppos i te  
( c ont ra -  (nonc  ont r~ - 
disrelat ive) disrelatlve) 
I 
identloal - conrelative 
+A-B, -A+B +AB,-AB, A+B, A-B +A+B, -A-B,  AB 
Ant io ids  He te ro ids  I s  oids 
the group of relationships i an evidence in favour of an advantage gained from an isomorphism 
established between different systems, as it enables one to perform acorrect and fruitful exchange 
of knowledge between various fields of research. 
Using the isomorphism, we write down the isomorphic pairs of subgroups of actions and 
relationships. The fast-order subgroups are "= ="  and AB, the 3rd-order subgroups are "= =" ,  
. . . . . .  << . . . . . . . .  = < . . . .  = >"  and AB, A +B, A -B; >> , andAB, -A -B ,  +A+B;  - -  , , 
. . . . . . . .  <> . . . .  ><"  andAB, +A-B,  -A+B;"= =" ,  "<="  ">="  andAB, +AB, 
-AB.  Finally, the 9-th-order subgroups are the whole groups of actions (Table 7) and rela- 
tionships (Table 11). 
Evidently, the opposite forms of the actions, 2-sided, l-sided, 0-sided ones, always in 
combination with the neutral action "= =" ,  as well as the opposite forms of the relationships, 
conrelative, contra-disrelative, non-contra-disrelative on s, combined with the neutral relation- 
ship AB, are the third-order symmetry groups. This means, however, that absolutely all kinds 
of actions and absolutely all kinds of relationships under appropriate conditions have a harmony, 
a completeness, and self-consistence! Moreover, this harmony gets a supreme realization when 
one considers the complete multitudes of all possible actions and all possible relationships and 
tries to establish a deep parallelism between these multitudes. The statement of this fact is, on 
the one hand, the construction of the 9-th-order group of actions and the 9-th-order group of 
relationships (in the present approach no higher order groups are possible !), on the other hand, 
it is the exact mathematical isomorphism established between these groups. 
The law of symmetry and a number of other propositions of GST(U) indicate a group 
nature of any system, at least in a single aspect. Hence we immediately derive contradictions 
and compatibility of systems. 
Table 11. The 9-order group of relationships 
F AB -A-B ÷A+B A+B A-B ÷A-B -A÷B +AB -A~ 
AB AB -A-B +A+B A+B A-B ÷A-B -A÷B +AB -AB 
-A-B -A-B +A÷B AB -AB -A+B A÷B +AB A-B +A-B 
+A+B +A+~ AB -A-B ÷A-B ÷AB -AB A-B -A÷B A÷~ 
A+B A÷B -AB +A-B £-B ~ +AB -£-B +A÷B -A÷B 
A-B A-B -A÷B +AB AB A÷B +A÷B -AB +A-B -A-B 
+A-B ÷A-B A+B -AB +AB ÷A÷B -A÷B AB -A-B A-B 
-A÷B -A+B +AB A-B -A-~ -AB AB +A-B A÷B ÷A÷B 
÷AB ÷AB A-B -&÷B ÷A÷B +A-B -A-B A+5 -AB AB 
t. -AB -AB +A-B A+~ -A+B -A-B A-B +A+B AB +AB 
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PROPOSITION 13 
Any system possesses n relations of contradiction and m relations of compatibility. 
This statement is a consequence of symmetrical properties of all systems, i.e. the group 
properties, and the resulting presence in any system of contradictions between the opposite 
elements, as well as of compatibility between on-opposite elements of the group. In particular, 
in each of the groups, that of actions and that of relationships, 9 contradictions and 72 relations 
of compatibility are realized. 
By virtue of the law of systematics, we get Propositions 14 and 15. 
PROPOSITION 14 
Any contradiction is a contradiction-system and any contradiction-system belongs to at 
least one system of contradictions of the same kind. 
PROPOSITION 15 
Any compatibility is a compatibility-system and any compatibility-system belongs to at 
least one system of compatibilities of the same kind. 
The combination of Propositions 13, 14, 15 leads to Propositions 16 and 17. 
PROPOSmON 16 (The law of system contradictoriness) 
Any system contains a subsystem of contradiction-systems. 
PROPOSITION 17 (The law of system compatibility) 
Any system contains a subsystem of compatibility-systems. 
The latter means that from the point of view of GST(U) the compatibility is as universal, 
as its opposite, the contradictoriness. Consequently, the system itself is a very harmonical 
aggregate--a unity of two opposite subsystems, a subsystem of contradictions and a subsystem 
of compatibilities. 
Thus we have solved all the problems tated in the Introduction in connection with the 
explication of symmetry of the system; we have described all groups of non-evolutionary and 
evolutionary system transformations and their invariants, presented proofs of symmetry for an 
arbitrary system, the system as itself, analysed symmetry groups of 2-, 1-, and 0-sided actions 
and associated relationships. Now we are ready to analyse the system of symmetry, the symmetry 
as itself. 
THE SYSTEM OF SYMMETRY 
A direct consequence of the law of systematics i  
PROPOSmON 18 
Any symmetry is a symmetry-system (an object-system), and any symmetry-system be-
longs to at least one system of objects of the same kind. 
Let us dwell on both statements of this proposition. 
Symmetry as an object-system 
From the ontological point of view, symmetry is a property of objects "O"  to coincide 
in features "F"  after modifications "M" .  The poetic motto by Jacob Bernoulli, "Eadem mutata 
resurgo" (' 'Being changed I am resurrected") is quite applicable to symmetry. Bernoulli quoted 
the motto being charmed by the symmetry of the logarithmic spiral, but his expression is 
wonderfully appropriate for description of the main property of any symmetry. In the framework 
of GST, symmetry is considered as one of realizations of an abstract system. In fact, symmetry 
is such an object-system, the primary elements of which are objects "O"  and features "F" ,  
and the unity relations are the attribute relations of the features "F"  to the objects "O" ,  while 
the composition laws is the requirement that the objects must possess the features both before 
and after modifications "M" .  
From the gnoseological point of view, components of the real symmetry are reflected in 
thinking in the following way: the object is associated with the concept of a "carrier of 
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symmetry", it is the basis of its classification by 4 principal types (structural or crystallograph- 
ical, geometrical, dynamical, temporal), features "F"  are associated with the concepts of 
"invariants", they provide with a basis for classification of symmetry of given type by subtypes. 
For example, in the case of crystallographical symmetries, they are classified according to the 
shape of the figure; the symmetries can be zero-, one-, two-, three-, . . . .  n-dimensional. 
Modifications "M"  are associated with the concept "operation or transformation f symmetry"; 
they are a basis for exact and exhaustive classification of subtypes to classes, kinds, species. 
The combination of all three properties of symmetry is associated with a synthetic oncept "the 
theory of symmetry transformations and their invariants". 
Naturally, the group as an ideal mathematical prototype of a real symmetry, in turn, can 
be represented asa special object-system, a united mathematical object. All components of an 
object-system can be indicated in a group: the set of primary elements i the generating elements 
of the group, M ~°1, the unity relations are the relations specified by 4 group axioms, the 
composition law is the multiplication law in the group. 
Even if the abstract group is just an interpretation f an abstract system, it is sufficiently 
abstract i self, so it can be in tum interpreted in infinitely many ways in terms of quite different 
material or ideal objects. This statement is true also for any concrete realization of the abstract 
group. For instance, a 60-order group is present in a number of objects: in the mathematical 
alternating roup of substitutions A , and the group of non-mirror automorphisms of geometric 
bodies, dodecahedron, icosahedron, and in a chemical compound barena, in a biological object 
Radiolaria cyrcoregma dodecahedra. A remarkable fact: such an interpretation by means of the 
same abstract group conserves specific properties of the objects under investigation and reveals 
their unity with an accuracy up to an isomorphism. The existence of infinite interpretations of 
the group theory and the ability of it to reveal the twofold (special and general) nature of various 
objects can be easily explained. 
The first property is a consequence of a non-specific haracter of requirements stated in 
axioms of the theory of groups for various matter existence forms (space, time, motion) and 
matter evolution forms (mechanical, physical, chemical, geological, biological, social). This 
explains the ample applicability of the theory of groups (symmetry) which is striking even for 
philosophers, mathematicians, and theoretical physicists. 
The second property, the possibility to represent objects in their unity and variety, results, 
on the one hand, from the above mentioned existence of various interpretations of the group 
theory, on the other hand, from the possibility to derive all the multitude of objects of the same 
kind by means of the mathematical apparatus of the theory. This enables one to explain another 
feature of the theory, which was numerously discussed in the literature, the power of the group 
they, its inherent wonderful ability to classification analysis. 
Nevertheless, the above arguments explain rather the reason of the ample applicability of 
the group theory than the reason of its deep penetration i the very essence of objects under 
investigation. In this connection, one might just refer to a power of the mathematical pparatus 
of the theory. However, the very power is itself a result of the 4 axioms which are the basis 
of the theory. Meanwhile an arbitrary set of axioms would not generate an effective mathematical 
apparatus, nor result in a profound analysis of being: the set must reflect he most general, and 
at the same time sufficiently pithy, nature of things. Therefore the ultimate reason of penetrability 
of the group theory is, in our opinion, the objective dialectics, which is expressed in terms of 
its axioms, even if in part, and the corresponding dialectic character of cognition of the real 
world, associated first of all with the conception given by the theory of groups where every 
system is represented asa unity of two subsystems, consisting of contradictions and compati- 
bilities. 
Symmetry within the system of objects of the same kind 
The system character of symmetry manifests itself not only in that any particular symmetry, 
or symmetry in general, is a special object-system, but also in the fact that all concrete sym- 
metries, and the symmetry as itself, belong to a system of objects of the same kind. 
In any special case of symmetry, for example, for the point symmetry 5m (one quinary 
axis and five reflection planes intersecting along the axis, i.e. the symmetry of Pythagorean 
five-pointed star) it is the fact that it belongs to the system of point symmetry groups, which 
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are in turn members of the system of all point, linear, planar, spatial symmetry groups, while 
all of them are examples of the classical symmetry. The classical symmetry itself is a member 
of the system of 54 structure symmetries (Table 6), and the latter is included into the system 
of 64 fundamental symmetries (Table 5). Other relevant examples are the inter- and intra-system 
symmetries derived above (in the Section "Laws of correspondence and symmetry"), the 
numbers of which are 4(3), 28, 49, 84, 105, 120, 147,315,360,  2080 and 6240. 
In the case of symmetry as itself, which manifests itself, in particular, as a group in general, 
the same property is revealed in the fact that the group belongs to the system of abstract algebraic 
structures of groups, rings, bodies, abstract algebras, etc. 
In the framework of GST(U), the reason why symmetry (both concrete and abstract) belongs 
to a system of objects of the same kind coincides with the reason why an elementary particle 
belongs to a system of particles, atom belongs to a system of atoms, molecule belongs to a 
system of molecules, an organism belongs to a life tree, and a social and economic structure 
belongs to a system of such structures. The reason we have in mind is the existence. The 
existence that can be in relative rest or in absolute motion, with relative conservation or with 
absolute changing, persistent o any material or ideal objects, is responsible for the fact that 
symmetry does inevitably belong to the system of objects of the same kind. The same is the 
role of the very emergence of systems of objects. The emergence, existence, transformation, 
development of object-systems must be in an obligatory agreement with requirements of the 
Central Proposition of GST; in all these cases poly- and isomorphisms, symmetry and asymmetry 
must manifest theirselves. The future progress will show all that in concrete details for the 
example of emergence, existence, transformation and development of the theories dealing with 
symmetry and dissymmetry, harmony and disharmony. 
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